Abstract--The functional anatomy of planning was investigated using the Tower of London task, Activation was observed in a distributed network of cortical areas incorporating prefrontal, cingulate, premotor, parietal and occipital cortices. Activation in corresponding areas has been observed in visuospatial working memory tasks with the exception of the rostral prefrontal cortex. This area may be identified with the executive components of planning comprising response selection and evaluation. Enhanced neural activity in both this rostral prefrontal area and the visuospatial working memory system was associated with increased task difficulty.
Introduction
The essence of planning is the attainment of a goal through a series of intermediate steps which do not necessarily lead directly toward that goal. Extensive neuropsychological evidence has established the central role of the frontal lobes in this process [24, 50] . The Tower of London task--in which the subject must rearrange, in the minimum number of moves, a set of three coloured balls arranged on pegs, so that the final configuration matches a specified goal state--has proved a useful test for the investigation of the role of prefrontal cortex in higher-order cognitive processes [27, 28, 42] . The key feature of the Tower of London task is that it is possible for the subject to plan the complete sequence of moves required to solve the problem in advance of making a response.
Easy Tower of London problems may be solved automatically by selection of the appropriate moves following inspection of the array and require minimal planning. In * Address for correspondence: MRC Cyclotron Unit, Hammersmith Hospital, Ducane Road, London W12 0HS, U.K. more difficult problems the immediate attainment of one subgoal may conflict with the attainment of more appropriate subgoals that lead to the final goal position. In these difficult problems it is necessary to look ahead and select the appropriate sequence in which subgoals are reached. It is this requirement for anticipation and the representation of the consequences of one course of action on another that is the cardinal feature of planning [42] .
The complex cognitive process involved in performance of this task can be broken down into component subprocesses. The initial and goal states must be processed with attention directed to the colour and spatial configuration of the balls, a subgoal must be defined, a sequence of moves directed toward its attainment selected and the intermediate problem stages generated and represented in working memory. Finally the consequences of each sequence of moves must be evaluated with respect to attainment of other subgoals and a new sequence selected if necessary.
The original study of Shallice [42] found that patients with left frontal lesions were significantly more impaired on this task than those with lesions on the right. However, using a computerised version of the task, Owen et al. [27] ,
